also support discrimination between the two species when using them in folk medicine.
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Introduction
Because of biodiversity, related medicinal plants from the same family or genus have been, and are being, used for similar therapeutic purposes in folk medicine. However, the qualitative and quantitative differences of these related plants regarding chemical composition are usually unknown thereby limiting pharmacological research and clinical application. Therefore, detailed analysis of the chemical composition should be performed to enable alternative or discriminating use of plant resources [1] .
In our previous study, we reported the major constituents in Saussurea involucrata, one species used under the name "Xuelianhua" in traditional Uighur medicine [2] . In this follow-up study, we sought to compare the chemical composition in Saussurea laniceps (SL) and S. medusa (SM), two other species also used under the name "Xuelianhua" in traditional Tibetan medicine.
SL and SM are medicinal plants of the Composite family, listed in most herbal medicine dispensatory [3] [4] [5] [6] [7] . In Tibetan folk medicine, the dried aerial parts of the two plants have been used under the name "Xuelianhua" and prescribed for treatment of chronic diseases such as rheumatism, impotence and menoxenia [5] [6] [7] [8] [9] . To date, no study has been able to clarify whether the two herbs have similar chemical composition and/or similar potencies, although SL and SM have both been used as "Xuelianhua" in clinics. One attempt to assess the qualitative and quantitative difference in the two related herbs using conventional methods was not successful.
To solve this problem, some studies have attempted to analyse the constituents in these medicinal plants by using colorimetry [10] , thin layer chromatography (TLC) [11, 12] and liquid chromatography (LC) [13] . However, the specificity and precision of colorimetry and TLC were unsatisfactory. The current LC method seeks to determine one or a few marker compounds for quality assessment. Additionally, it is widely accepted that multiple constituents are responsible for the therapeutic effects of herbal products [14, 15] ; hence, the current protocol based on determination of a few marker compounds cannot accurately reflect the quality of herbal products [2] . Therefore, to find out the differences of the two related herbs, the necessity for a comparative analysis based on chemical identification of the main constituents is urgent.
The present study describes the development of an LC-DAD-MS method for comparison of the main chemical constituents in the two herbs. The results revealed that the main constituents in the two herbs were different, which supports discrimination between the two herbs when using them in folk medicine. In the present study, it was first found that the characteristic constituents of SL were umbelliferone, scopoletin and their glucosides in SL, while the constituents of SM also included arctiin and arctigenin. Therefore, it is feasible to choose these characteristic compounds for quality evaluation as well as chemical authentication of the two herbs.
Experimental Plant Materials
The sources of the tested samples are listed in Table 1 . Identity of the herbs was confirmed by Dr. Hubiao Chen (School of Chinese Medicine, Hong Kong Baptist University, Kowloon, Hong Kong), and voucher specimens were deposited in Hong Kong Baptist University.
Reagents and Chemicals
Formic acid of LC grade was purchased from Merck (Darmstadt, Germany). Acetonitrile of LC grade and methanol of analytical grade were purchased from Lab-scan (Bangkok, Thailand). Water was purified using a Milli-Q water system (Millipore; Bedford, MA, USA).
The standard compounds of syringoside, chlorogenic acid and scopoletin were purchased from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China) . 
Preparation of Solutions
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The preparation of stock and sample solutions was conducted according to the description of the previous report [2] . 
LC-DAD-MS Conditions
An were reported in the previous paper [2] .
Assay Validation and Sample Determination
Linearity of the assay for standards was evaluated by determining the working solutions with five points and by plotting the peak area against the concentrations with linear regression analysis.
Repeatability was assessed by determining the same batch of herbal sample three times at different days. Recoveries of all of the analytes were determined using material samples, for which the respective chemical contents had been predetermined, spiked at 50, 100 and 200% of the quantified levels of constituents. Samples were then processed and quantified in accordance with the established procedures. Average recovery at three spiked levels was calculated for the evaluation of method accuracy [2] . All herb samples were analyzed using the present method.
Results and Discussion
Optimization of Sample Solutions
Regarding extraction of herb samples, sonication was chosen because its efficacy and straightforward handling were proven [1] . Methanol and other solvents were evaluated as solvents.
The results demonstrated that extraction with methanol was more complete than with other solvents.
Therefore, methanol was used as the solvent for sample extraction. The extraction procedure, including solvent consumption, extraction times, extraction periods, and solvent concentration was further optimized. The optimal conditions are presented in detail in the section "Preparation of Solutions".
Online ESI-MS Identification of the Major Constituents
Conditions of chromatographic separation and MS analysis were optimized as originally described in literature [2] . Briefly, a wavelength of 280 nm was chosen to represent the profile of the major constituents in the two herbs (Fig. 2) , and 0.1% formic acid was used in the mobile phase [16] [17] [18] [19] [20] . The chromatographic and spectrometric data of the identified compounds are listed in Table 2 .
From the assay results, it was determined that the common constituents in the two herbs were protocatechuic acid, syringoside, chlorogenic acid, isoquercitroside, 1,5-dicaffeoylquinic acid, 
Validation of the Analysis Method
Calibration curves showed that there was a linear correlation between peak areas and the concentrations of the standards, and a good linearity with R 2 > 0.99 was achieved. Based on visual evaluation with a signal-to-noise ratio of about 3:1, the limit of detection (LOD) of the quantified constituents was reported to be between 0.8 and 3.3 ng. The method's precision was evaluated, and the relative standard deviation (RSD) values were found to be below 3.82%. 
Sample Analysis
The present method was successfully applied to the quantification of seven components in herbal samples from different localities in China. The results are summarized in Table 1 . Table 1 showed that the main constituents in the two herbs were different, which supports discrimination 8 between the two herbs in folk medicine usage. The data shows, for the first time, that the characteristic and main constituents of SL are umbelliferone, scopoletin and their glucosides, and that SM contains these compounds as well as arctiin and arctigenin,. Therefore, these characteristic compounds can be used as chemical markers for the quality evaluation as well as chemical authentication of the two herbs.
Conclusion
An LC-DAD-MS method was developed for comparative analysis of the main constituents in two herbs of the genus Saussaurea, namely S. laniceps and S. medusa. By comparing chemical composition, the present study supports discrimination between the two herbs when using them in folk medicine.
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